This paper proposes the motion analysis method on skiing turn by the measurement system of orientation and gliding trajectory. The orientation measurement system that consists of inertial and magnetic field sensor measures angular velocity, acceleration and magnetic field, on the other hand the gliding trajectory measurement system that consists of the GPS receiver measures latitude, longitude and altitude. The 3D orientation of skier's body segments and the 3D gliding trajectory on skiing turn are estimated using sensor fusion and the information measured by the orientation measurement systems and the gliding trajectory measurement system attached to skier. The 3D gliding velocity on skiing turn is estimated with the 3D gliding trajectory. The measurement experiment has been conducted by the skier attached the measurement systems on an actual snow field. The joint angle has indicated the gliding form in skidding and carving turn, the gliding trajectory has visualized clearly the difference in moving distance between skidding turn and carving turn. Furthermore, the gliding velocity relative to skier's coordinate has perceived the different period and the effect of side skidding on these two turns. The experimental results have indicated quantitatively the everchanging state of skier. The major features of skiing turn can be analyzed by the proposed method, which can use as an effective method for suggesting more ideal turning form, the skill rating, the prevention of disorder and injury from skiing.
Introduction
Skiing has progressed with improvement of equipment and technique. There are several studies on skiing such as development of ski robot [1] , simulation of skiing turn [2] , characteristics analysis of ski [3] and the motion analysis of skier [4] . It is important to analyze the motion of skier gliding on an actual snow field to resolve the mechanism of skiing turn. However, it is difficult to measure physical exertion due to the severe experimental surrounding such as the outside snow conditions and the weather on the mountain. Thus, few studies have analyzed skiing turn quantitatively. Studies on the motion measurement and analysis are the motion measurement of skier by potentiometer and strain gage [5] , the motion analysis of skier by 3D magnetic positioning system and 6-axis force sensor [6] and biomechanical analysis of ski racing by inertial measurement units and GPS receiver [7] .
The method by inertial sensor, magnetic sensor and GPS receiver is effective the measurement of wide range such as snow sports. Thus, it is necessary to develop the analysis method by these measurement systems. In our previous studies, we have proposed the measurement method of 3D orientation, 3D gliding trajectory and 3D gliding velocity on skiing turn [8] , [9] . This paper proposes the motion analysis method using 3D orientation and 3D gliding velocity by inertial sensor, magnetic field sensor and GPS receiver. Furthermore, we conduct the experiments by skier gliding on an actual snow field, and we indicate the effectiveness of proposed analysis method.
Measurement System

3D orientation measurement
The orientation measurement system shows in Figure 1 . This system that consists of gyro sensor (Analog Devices, ADIS16110), acceleration sensor (Hitachi metals, H30CD), and magnetic field sensor (Aichi steel, AMI 304) measures 3-axis angular velocity, 3-axis acceleration and 3-axis magnetic field. The size of this system is 45 65 25mm, and the weight is 60g.
Gliding trajectory measurement
The 3D gliding trajectory of skiing turn is measured by GPS receiver and the orientation measurement system. The GPS receiver (FV-M8, San Jose Technology) is shown in Figure 2 . The GPS receiver measures latitude, longitude and altitude. The information of GPS receiver is translated to the 3D position (distance from starting position). The information of the orientation measurement system is used to interpolate the 3D position of the GPS receiver. 
Theory
Joint angle
The 3D orientation is estimated by the sensor fusion using an extended Kalman filter. The nonlinear state equation and the nonlinear measurement equation in the extended Kalman filter consist of the information obtained from two orientation measurement systems. This method compensates the errors caused by drift and dynamic acceleration. The block diagram of sensor fusion for orientation measurement is shown in Figure 3 , where 1x , 1y , 1z are gyro sensor output (angular velocity) in sensor 1, 2x , 2y , 2z are gyro sensor output in sensor 2, a 1x , a 1y , a 1z are acceleration sensor output in sensor 1, a 2x , a 2y , a 2z are acceleration sensor output in sensor 2, m 1x , m 1y , m 1z are magnetic field sensor output in sensor 1, m 2x , m 2y , m 2z are magnetic field sensor output in sensor 2, 1m , 2m are Yaw-angle obtained by compensating the inclination error from magnetic field, 1x , 1y , 1z are 3D orientation (roll-pitch-yaw angle) in sensor 1 and 2x , 2y , 2z are 3D orientation (roll-pitch-yaw angle) in sensor 2, respectively. The rotational matrix in relative coordinate is calculated from the 3D orientation (roll-pitch-yaw angle) by equations (1) and (2) . The joint angle is calculated from the rotational matrix in relative coordinate by inverse kinematics. 
3D gliding trajectory and velocity
The 3D gliding trajectory and velocity are estimated by sensor fusion using a Kalman filter. The state equation and the measurement equation in a Kalman filter consists of acceleration translated to global coordinate and GPS receiver output. The block diagram of sensor fusion for measurement of gliding trajectory and velocity is shown in Figure 4 . The 3D gliding velocity is translated to skier's coordinate by equation (3) 
Experiment
Experimental condition
We have conducted the experiment by skier attached the measurement systems. The orientation measurement systems are attached to upper body, lumber, femur, lower thigh, foot parts, and the gliding trajectory measurement system is attached on head. The setting position of the measurement systems are shown in Figure 5 . The experiment has been conducted by skier attaching the measurement systems on an actual snow field. Skier has conducted carving turn and skidding turn. In the experiment, the sampling frequency of the orientation measurement system is 100Hz, and the sampling frequency of GPS receiver is 1Hz, and the measurement time is 30sec.
Experimental results
The results of the right hip joint angles are shown in Figure 6 . The flexion angle of right hip joint in carving turn is higher than one in skidding turn. The result of the gliding trajectory obtained by sensor fusion and the 3D position obtained by the GPS receiver are shown in Figure 7 . The gliding trajectory has indicated the result interpolating the 3D position obtained by the GPS receiver.
The gliding velocities relative to skier's coordinate are shown in Figure 8 . X-axis velocity indicates the speed of transfer direction, Y-axis velocity indicates the lateral direction velocity, and Z-axis velocity indicates the rise and fall direction velocity.
In the result of skidding turn, X-axis velocity is decreased when absolute value of Y-axis velocity is increased. The result indicates the decrease of the speed of transfer direction because of side skidding of ski. In the result of carving turn, X-axis velocity is not decreased than one in skidding turn. This result indicates that the effect of side skidding on the speed of transfer direction in carving turn is less than one in skidding turn. 
Conclusion
In this study, we proposed an analysis method of skiing turn by the orientation and the gliding trajectory measurement systems. The joint angle is measured by the orientation measurement system, and the gliding trajectory and velocity is measured by the orientation and the gliding trajectory measurement systems. The results of experiment by skier gliding on an actual snow field indicated quantitatively the joint angle, the gliding trajectory and velocity both in skidding turn and in carving turn. The major features of skiing turn can be analyzed by the proposed method, which can use as an effective method for suggesting more ideal turning form, the skill rating, the prevention of disorder and injury from skiing.
